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Abstract 
 
Environmental problems created by the amount increasing of waste, that contaminated soils from the metallurgical 
activities require effective solutions, operational, applicable and especially, to turn green. Bioleaching also have 
potential valences for recovery of metals and detoxify industrial waste, sewage sludge and soil contaminated with heavy 
metals. In this paper are presents factors that influencing bioleaching processes and are presents aspects of an variant of 
treatment of these soils, variant structured on bioleaching method using microorganisms bacteria category such as 
Acidithiobacillus ferrooxidans and/or Acidihiobacillus thiooxidans. 
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1. Introduction 
 
Microbial leaching methods are being 
increasingly applied for metal recovery from low-
grade ores and from soils contaminated with heavy 
metals [1]. As is the case with many 
biotechnological processes such methods may have 
been used since prehistoric times and probably the 
Greeks and Romans extracted copper from mine 
water more than 2000 years ago. However, it has 
been known only for about 50 years that bacteria are 
mainly responsible for the enrichment of metals in 
water from ore deposits and mines, [1]. 
Bioleaching/bio-extraction/biosolubilization 
is a treatment method that allows biological 
extraction/solubilization of inorganic pollutants that 
are initially present in insoluble forms. The 
solubilization process is called bioleaching and 
occurs in nature wherever suitable conditions are 
found for the growth of the ubiquitous bioleaching 
microorganisms, [1]. 
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The solubilised of inorganic pollutants in 
liquid is made by the action of soil microorganisms 
or exogenous microorganisms selected, for their 
ability to soluble metals and non-metals target. 
Therefore, this technique necessarily involves a 
post-treatment cleaning or regeneration of the liquid 
phase, after the extraction of metals [7]. Principle 
scheme of the bio-treatment of soil contaminated 
leachate is shown in fig. 1. 
 
 
 
Figure 1. Principle scheme of treatment by 
bioleaching of polluted soils, [7] 
 
 
2. Factors Influencing Bioleaching 
 
The leaching effectiveness depends largely on 
the efficiency of the microorganisms and chemical 
and mineralogical composition of the material to be 
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leached. The maximum yields of metal extraction 
can be achieved only when the leaching conditions 
correspond to the optimum growth conditions of the 
microorganisms [1, 2]. 
Nutrients. Microorganisms used for metal 
extraction from sulfide materials are 
chemolithoautotrophic bacteria and therefore only 
inorganic compounds are required for growth. In 
general, the mineral nutrients are obtained from the 
environment and from the material to be leached. 
For an optimal extraction of iron and sulfur 
compounds can be considered an additional 
ammonium phosphate and magnesium salts [1]. 
O2 and CO2. An adequate supply of oxygen 
is a prerequisite for good growth and high activity 
of the leaching bacteria. In the laboratory this can be 
achieved by aeration, stirring, shaking. On a 
technical scale, particularly in the case of dump or 
heap leaching, sufficient supply with oxygen may 
cause some difficulties. Carbon dioxide is the only 
carbon source required, but there is no need for 
addition of CO2, [6]. 
pH. The adjustment of the correct pH value is a 
necessary condition for the growth of the leaching 
bacteria and is decisive for the solubilization of 
metals. pH values in the range of 2.0 – 2.5 are 
optimum for the bacterial oxidation of ferrous iron 
and sulphide [1, 6]. At pH values below 2.0, a 
considerable inhibition of Acidithiobacillus 
ferrooxidans will occur but Acidithiobacillus 
ferrooxidans may be adapted to even lower pH 
values by the addition of sulfuric acid, [3]. 
Temperature. The optimum temperature for 
ferrous iron and sulfide oxidation by 
Acidithiobacillus ferrooxidans is between 28 - 35°C. 
At lower temperatures a decrease in metal extraction 
will occur, but even at 4°C bacterial solubilization 
of copper, cobalt, nickel and zinc was observed [5]. 
At higher temperatures (50 – 80°C) thermophilic 
bacteria can be used for leaching purposes [2]. 
Mineral substrate. The mineralogical 
composition of the leaching substrate is of primary 
importance. At high carbonate content of the ore or 
gangue material the pH in the leaching medium will 
increase and inhibition or complete suppression of 
bacterial activity will occurs.  
Low pH values, necessary for the growth of 
the leaching bacteria can be achieved by external 
addition of sulfuric acid, but this may not only cause 
the formation and precipitation of iron, but will also 
affect the cost of the process [1, 6].  
The rate of leaching also depends on the total 
surface of the substrate. A decrease in the particle 
size means an increase in the total particle surface 
area so that higher yields of metal can be obtained 
without a change in the total mass of the particles. A 
particle size of about 42 µm is regarded as the 
optimum [4]. An enlargement of the material total 
surface area can be obtained also by an increase of 
pulp density [1].  
An increase in the pulp density may result in 
an increase in metal extraction.  
Heavy metals. The leaching of metal sulfides 
is accompanied by an increase in metal 
concentration in the leachate. In general the leaching 
organisms, especially the thiobacilli, have a high 
tolerance to heavy metals and various strains may 
even tolerate 50 g/L Ni, 55 g/L Cu or 112 g/L Zn. 
Different strains of the some species may show 
completely different sensitivities to heavy metals 
[1]. Very often it is possible to adapt individual 
strains to higher concentrations of metals or to 
specific substrates by gradually increasing the 
concentration of metals or substrates [6]. 
Surfactants and organic extractants. 
Surfactants and organic compounds used in solvent 
extraction generally have an inhibitory effect on the 
leaching bacteria, mainly because of a decrease in 
the surface tension and reduction of the mass 
transfer of oxygen, [6]. Solvent extraction is 
currently preferred for the concentration and 
recovery of metals from pregnant solution. When 
bacterial leaching and solvent extraction are coupled 
the solvents become enriched in the aqueous phase 
and have to be removed before the barren solution is 
recirculated to the leaching operation. 
Water. Water constitutes 80-90% of cell 
weight. It plays a key role in the solubilisation of 
nutrients, which provide transport and hydrolysis 
reactions. A parameter of water activity, quantifies 
its availability. In a nutrient, a part of water is more 
or less connected of components (salts, proteins) 
and is unavailable for microorganisms that require 
free water for its development [5].  
 
3. Stimulation of the Bioleaching of Metals 
 
The bioleaching of minerals and of polluted 
soils with heavy metals is a simple and effective 
technology for the processing of sulfide ores and of 
heavy metals, is used on a technical scale mainly for 
the recovery of copper and uranium.  
The effectiveness and economics of microbial 
leaching processes depend highly on the activity of 
the bacteria and on the chemical and mineralogical 
composition of the ore.  
Therefore, processes tested on individual 
types of soils can not be transferred to other. 
Before a technical application is possible the 
optimum leaching conditions have to be elaborated 
for each type of ore and soil [7]. 
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Figure 2. Leaching of minerals low in copper, [7] 
 
 
In fig. 2 is presented a stimulation of the 
bioleaching of metals. The chemistry and 
microbiology of leaching of copper ores involve 
complementary reactions interesting. Leptospirillum 
ferrooxidans, Acidithiobacillus ferrooxidans and 
Acidithiobacillus thiooxidans, are apparent very 
active in the oxidation of ferrous ion (+2) on ferric 
ion (+3). The ferric iron then reacts chemically for 
solubilization of copper. The dissolved copper is 
recovered by a chemical reaction with elemental 
iron, which causes the precipitation of elemental 
copper, [5]. Bioleaching is to use microorganisms 
that produce acids from reduced sulfur compounds 
to create an acidic environment. It dissolves the 
metals and research for their recovery. This method 
is used to raise the offset metal ores and mineral 
waste, whose content is too low for smelting. 
Bioleaching with such natural populations of 
Leptospirillum, Acidithiobacillus ferrooxidans and 
Acidithiobacillus thiooxidans, type strains, can 
retrieve up to 70% copper content of heavy metals 
from soils and mineral. As shown in fig. 2, this 
involves the biological oxidation of copper in the 
ore to produce this process. Especially, the soluble 
copper sulphate, is an unwanted problem. It is then 
recovered by the solution leaching reacting 
containing up to 3 g/liter of dissolved copper with 
iron. The copper sulphate reacts with iron to form 
elementary ferrosulfate and copper is reduced in its 
elemental form, which  
 
precipitated in tank. The process is summarized by 
the following reaction: 
 
CuSO4 + Fe0 → Cu0 + FeSO4                     (1) 
 
The bioleaching may require the addition of 
phosphate and nitrogen, they are being limited in 
minerals. The same process allows solubilization of 
uranium. It is clear that the nature will contribute to 
the bioremediation if given the opportunity allows.  
The role of microorganisms in the natural 
biodegradation is better appreciated now. 
Often biodegradation and biodeterioration have 
serious negative effects. The corrosion of metals 
caused by microorganisms is a global problem [7]. 
 
4. Conclusions 
 
There is a demand for less expensive and 
more environmentally friendly processes.  
Further development is necessary with respect 
to both technical and biological aspects.  
The latter includes increasing the rate of 
leaching and the tolerance of the microorganisms to 
heavy metals. 
Genetic improvement of bioleaching bacteria, 
whether by mutation and selection or by genetic 
engineering, will bring results more quickly than 
conventional procedures like screening and 
adaptation, and in the mean time, considerable 
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progress has been made on the development of a 
genetic system for Acidithiobacillus ferrooxidans 
and Acidithiobacillus thiooxidans. 
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